Abstract
INTRODUCTION
The plant growth-promoting rhizobacteria (PGPR) stimulate plant growth via different mechanisms such as improving phosphorus availability as well as siderophore, ACC deaminase, hormones and antifungal agent secretions (Bhattacharyya and Jha 2012) . A number of researchers proved positive impact of PGPRs on increase on vegetative growth, as well as on dry matter formation, grain yield, nodulation and nutrient contents of seed and plant tissues (Doung et al. 1984; Buttery and Dirks 1987; Danso et al. 1987; Cakmakci, 2004; Ullah et al. 2015) . The PGPR inoculation methodology is relatively new approach which attracted the attention of the researchers in the beginning of 20th century (Ruzzi and Aroca, 2015) as a result of change in consumer behaviour tilting towards consideration of quality of horticultural plants (Zaidi et al. 2015) . In our days, around 20% of consumers demand shifting to organically produced vegetables each year due to pesticide residues concerns while PGPR helps farmers to reduce pesticide usage (Olivares et al. 2015) . Ahemad and Kibret (2014) report on the beneficial effects of PGPR when used both directly and indirectly. Direct actions mean providing nitrogen, phosphorus and all other essential nutrients to plants as well as regulating hormonal stability whereas indirect actions mean preventing inhibition of plant growth of various pathogens. Microorganisms provide nitrogen to plants via either symbiotic or nonsymbiotic nitrogen fixation (Lucky et al., 2004) . PGPRs are also capable to excrete ACC deaminase enzyme which diminishes ethylene production which is emerged in stress condition (Liu et al. 2014) . Every soil in its particular condition has a number of micro-and macro-organisms; therefore, PGPRs are available in indigenous ecosystems of arable lands. However, Liu et al. (2014) reported that PGPR inoculation to sterile soil provides higher benefit on plant growth comparing to non-sterile condition indicating the presence of antagonistic relations among inoculated and in-situ organisms. In contrast, Stefan et al. (2013) recommend dual inoculation of bacteria considering synergistic relation. Nevertheless Cakmakci (2014) pointed out that the unfavourable environmental conditions that occur from time to time may cause lower the benefit of PGPRs. PGPRs' efficiency also seems to be variable depending on the plants that are cultivated. Aksoy (1971) reports no effect of PGPR on wheat biomass and yield while statistically significant effect on higher plant growth on potatoes and maize. PGPRs' applications along with mineral fertilizations increase plant development further (Aksoy 1971; Sripontan et al. 2014; ElHoweity and Asfour 2012) . Zaidi et al. (2015) claim that the most basic requirement for horticultural plants are mineral fertilizers to prevent nutrient deficiency. PGPRs may slightly substitute only if farmer does not have enough money on the budget. The highest yield achieved in full dose of mineral nitrogen applied variant in El-Howeity and Asfour's research (2012); however, Azospirillum brasilense inoculation improved biomass and yield in case of half dose nitrogen application. Although a number of studies have been done in the literature, many of them emphasize the need for further research in order to make a precise judgement. In this research we have collected bacteria from randomly selected subforest soil that is located in transitional climatic regime between Mediterranean and Lake Regions. Those bacteria and their cocktail were used to inoculate maize-covered soil in the Mediterranean climatic region (around 500 km away from their origin, under minerallyfertilized condition. The goal was to create an antagonistic phenomenon between both indigenous and non-familiar (isolated) bacteria, thus no identification progress was used to follow the identification of genus and species of the bacteria tested.
MATERIALS AND METHODS

Bacteria isolation
The bacteria were isolated from the forest subsoil from the rectangular area which cornered 37°49'45.7"N 30°30'08.6"E and 37°51'58.2"N 30°29'02.5"E. Ten grams of soil were sampled out and then diluted with 90 ml of 0.85% NaClsolution after which a series of 1 ml dilutions followed, and the suspension transferred to Petri dish containing nutrient broth agar (Ottow 2011) . Petri dishes were observed for a 4 day period at 28°C, and the 9 faster growing colonies transferred to new Petri dishes for purification. Nine pure cultures transferred to nutrient broth liquid media grown aerobically in flasks on the 150 rpm rotating shaker (Orhan et al. 2006) . Same amount of bacteria suspension from 9 isolates was mixed thoroughly to obtain "cocktail" bacteria suspension. The nontreated, only nutrient broth liquid mediaapplied plots were labeled as non-treated.
Field experiment
A field experiment was carried out at the experimental field of Cukurova University, Department of Soil Science and Plant Nutrition (37°00'54.2"N 35°21'20.8"E). The texture of the experimental site soil was clayey-loam with 21.2% sand, 39.7% silt and 39.1% clay contents. Organic matter, CaCO 3 and salt contents were 1.2%, 27% and 0.045% respectively. Soil pH was 7.5 (Demirbas, 2012) . Climate regime of experimental site is typical for Mediterranean climate which is dry and hot in the summer while warm and rainy in the winter. Precipitation occurs mainly as rain. Precipitation averaged at 661 mm between the years of 1970 to 2013. Soil moisture and temperature regimes are xeric and thermic respectively. The experiment was carried out using randomized block design with 4 replications. "Pioneer" P1574 corn seeds were planted to pre-parcelled field, and after 5 to 6 leaf development, 20 ml, 10 6 cfu ml -1 containing bacteria suspensions were applied nearby soil under each maize stem. Seeds were sown at April 29, 2013 and harvested at August 27, 2013. Throughout that period, the plot was irrigated 9 times via sprinkler. Throughout the growing period, 34 kg N as 20-20, urea and ammonium nitrate and 10 kg P 2 O 5 were applied.
Chemical analyses
To determine P, K, Fe, Zn, Mn and Cu, 10 ml of nitric -perchloric acid mixture were added to 0.4 g of fine-ground samples and digested in microwave oven (CEM-MARS Reaction System) until mixture became clear. K, Fe, Zn, Mn and Cu were analyzed via atomic absorption spectrophotometer (Kacar&Inal 2010). P contents were determined according to Olsen &Watenable (1957) using spectrophotometer.
Statistical analyses
The variance analyses was performed using MSTAT-C software (Crop and Soil Sciences Department, Michigan State University, Version 1.2) according to randomized block design. Means were grouped using Duncan test at 0.05 alpha level.
RESULTS AND DISCUSSIONS
Yield and biomass development
The biomass development was positively affected by bacteria inoculation; however, no statistical difference observed among the values obtained at the time of yield (Figure 1 ). The biggest seed size was reached by isolate-3-inoculated plants, according to 1000 seed weight values. The lowest seed size was measured by isolate-8-inoculated plants (Figure 1 ). The effects of inoculation were more impressive on shoot and total biomass weights with shoot weight being highest at isolates 2 and 9 whereas total biomass was the highest at isolate 9. Bacteria inoculation improved grain-excluded biomass performance roughly more than one third whereas the effectiveness of bacteria inoculation on grain yield was not significant. As PGPRs' were secreting siderophore, ACC deaminase, and hormones (Bhattacharyya and Jha 2012) , vegetative proportion of maize was increased remarkably but, this was not reflected to grain yield. Although Fitriatin et al. (2014) reported that increased P uptake led to increase in grain yield performance, in the current study, elevated P uptake particularly on bacterium 6 did not affect grain yield. It should be pointed out that grain-excluded biomass as well as grain yield is considered as the most valuable parameters for growers since they can be utilized for animal feeding. Furthermore, the incentives in livestock production in Turkey increased the demand for feeding materials thereby the need for grainexcluded biomass, which shoot biomass was the one the most influenced by isolates 2 and 9, which were increased by 37.1% and 38.5%, respectively.
Plant nutrient concentrations at tuff formation stage
Selected macro and micronutrient concentrations at tuff stage of corn plant are presented in Figure 2 . The bacteria inoculation increased P concentration of the plants at p<0.05 level. The highest P concentration was determined in isolate-6-applied plant which followed by isolate 3. Potassium concentrations of the plants were influenced by bacteria inoculation, and the highest K was determined in isolate 3. The lowest values were obtained from isolates 2, 6 (in contrast to P, which was the highest in isolate 6), and 9, as well as cocktail. When taking a close look at K values it was clear that individual effects of bacteria may have improved K uptake (isolate 3), may have had no effect on it (isolates 1,4 5, 7, 8), or may have even diminish it (isolates 2, 6, 9, and cocktail) as compared to control. Even that kind of finding proved dominancy of isolates 2, 6 and 9 in cocktail inoculants; consequently, K uptake was not affected by cocktail bacteria inoculation. The highest micronutrient concentrations were determined in isolates 4, 6, 8, and 6 for the Cu, Mn, Fe and Zn respectively. Considering tuff formation stage analyses, isolate 6 seems to be a promising isolate when used as PGPR due to the fact that it affected more than one parameter under determination. Microelement contents of shoot at harvest stage Considering higher variations determined in Cu contents, the statistical class was not as precise corresponding to differences in average values (Figure 3) . The highest Cu concentration observed at control (non-treated) variant evidenced that all isolates (even cocktail) decreased Cu uptake. Although experiment was not carried out with the Cu-contaminated soils, preliminary findings indicated that PGPRs may also be used to reduce Cu uptake of the plants where excessive amount of CuSO 4 was applied as a fungicide. None of the isolates showed any effects on Mn uptake of the plants; isolate 2 and control variants increased Fe and Zn uptakes respectively. The results obtained at tuff formation stage revealed that all isolates were effective on nutrient uptake of the plants. The highest P uptake detected at isolate 6 in accordance with previous reports indicated the PGPRs' benefit on P uptake (Orhan et al. 2006; Nico et al. 2012; Grobelak et al. 2015) . Kacar and Katkat (2010) reported very low availability of P outside the middle range of pH whereas results presented here revealed that PGPR improved P uptake at slightly higher pH. Improvement on P uptake is associated with organic acid secretion or phosphatase enzyme activity (Sundura et al. 2002 , Cookson, 2002 . On the other hand, the lowest P determined for isolates 4 and 5 proved that PGPRs had an adverse effect at certain circumstances. At the other side, it should be emphasized that randomly selected natural isolates were tested in this research unlike the studies carried out in the literature. Two out of nine isolates have shown a considerable increase in P uptake. P contents of the plants were determined for control application as 0.262 µg g -1 , while they were 0.287 µg g -1 (9.4% higher) for isolate 2 and 0.310 µg g -1 (%18.2 higher) for isolate 6. Based on these findings, it can be stated that 22% of the bacteria tested were showing an enhanced P uptake. Isolates 4 and 5 had negative impacts on P uptake, which are 13.1% and 17.1% lower phosphorus levels in those plots. K availability is associated with clay type and amount in the soil (Kacar&Katkat, 2010) , thus relatively less researches on PGPRs' effects on K were available. However, K uptake was affected by bacteria inoculation in this experiment, probably due to mineralization and immobilization processes in which microorganisms were included. Considering Cu and Mn results, bacteria inoculation should not be necessary to improve uptakes of those elements at the Cukurova Region because both levels were near to toxicity threshold values according to values provided by Jones et al. (1991) . Recently, farmers started to complain about Cu toxicity instead of Cu deficiency in Turkey which recorded similar complains in European countries earlier (Fründ et al. 2007 ) due to CuSO 4 allowed to be used in both conventional and organic farming. Unlike Cu and Mn, Fe and Zn deficiencies are quite common in Turkey with about two thirds of the soils affected (Eyupoglu et al. 1996) . That is typical for alkaline soils where metal availability is rather low (Touceda-Gonzales et al. 2015 ). PGPR's improve metal uptake indirectly by lowering pH which increases their availability (Orhan et al. 2006) . In support of those findings, it has been found that isolate 8 increased Fe uptake by 28.6% and isolate 6 increased Zn uptake by 17.0% compared to control. Considering antagonism between P and Zn (Kacar&Katkat 2010), isolate 6 turned out to be the most promising bacterium among all isolates due to its improved P and Zn uptakes together. However, the highest seed contents of Mn, Fe and Zn were determined in isolate 2. Improvement on nutrient uptake has a special involvement considering micronutrients-related "Hidden Hunger" (Kennedy et al. 2003) , where zinc content of the seed is directly associated with human nutritional status (Sharma et al. 2015) .
Microelement contents of seed at harvest stage
The seed microelement contents were signifycantly affected by bacteria inoculations for (Figure 4 ). The highest Cu uptake was found with isolate 8, whereas the highest Mn, Fe, and Zn uptakes were determined at isolate 2. In general, the applications with isolates in cocktail were not as effective as individual isolates.
CONCLUSIONS
Among the isolates tested, none of the isolates was individually effective on any parameters determined, but mixtures of these isolates were not as effective as their individual applications. Antagonistic relation seems to be a reason for this situation. Both antagonistic (Liu et al. 2014 ) and synergistic (Fitriatin et al. 2014 , Stefan et al. 2015 effects of PGPRs were reported, however this research showed antagonistic relations in dominance. On the other hand, inoculations were done once in the experiment while Grobelak et al. (2015) reported higher benefits in repeated inoculations. The results gathered in this experiment clearly showed that ineffectiveness of microorganisms in farmland is not associated with the absence of them in soil but with their antagonistic relations within each other. That was the hypothesis of this research, and findings revealed that main interaction between the microorganisms there is in the form of competition. Isolating potential PGPR from the soils under different climate regime and/or soiluse-management would help to overcome this phenomenon.
